CAUSATIVE AGENT OF A CHICKEN TUMOR. XI
The tumor pulp obtained in the usual way (1) was ground with sterile sand into a homogeneous paste. The sand was ordinary beach sand repeatedly treated with dilute nitric acid and washed with distilled water. Care was taken that before use the sand be acid-free, since any important shift in the hydrogen ion concentration of the tumor extract on either side of the neutral point may greatly affect the condition of the subsequent adsorption.
The tumor paste was stirred with cold distilled water which was added in small quantities totalling in volume 12 times the weight of the original tumor pulp. The extraction was finished by shaking the mixture for 2 minutes. The debris was separated by centrifuging the mixture for 10 minutes and then the supernatant fluid was filtered through sterile gauze.
Water preparations obtained in this way have the general characteristics of ordinary extracts of Chicken Tumor I. In the present work no alkali was used in the extraction and the reaction of the fluid remained around pH 7.0 to 7.3.
It was important to obtain extracts free from bacterial contamination, in view of the quantitative chemical analysis. As the filtration through Berkefeld candles was avoided, care was taken to secure sterile tumors as starting material. In this study all fractions obtained from tumor extracts, including the dialyzed solutions, were regularly tested for sterility on broth and agar media. The culture tests were always found to be negative except those of the last dialyzed fraction with which the media sometimes showed occasional isolated cultures after several days incubation.
Adsorption.--The extract of tumor pulp was fractionated by direct treatment with an equal volume of concentrated aluminum hydroxide preparation, as described in the previous paper (1) . After centrifugation the supernatant fluid was filtered through coarse paper to insure homogeneity of the solution. This filtrate did not differ in its general characteristics from the aluminum supematant fluid obtained heretofore from concentrated Berkefeld filtrates or from extracts of tumor desiccates. This fraction was used throughout as the starting material.
Dialysis.--The usual methods of dialysis were too slow to be used in this work, because of the inactivation of the chicken tumor agent, especially rapid in cell-free preparations. A satisfactory method was found by the use of a device adapted by Northrop and Kunitz (2) to hasten diffusion through collodion membranes. With this technique the end-point of dialysis of chicken tumor extracts was reached within a few hours.
Collodion Bags.--The bags were prepared by rotating mechanically for 20 minutes 6 cc. of Merck's u.S.l,, collodion (4 per cent by weight in ether-alcohol solution) in 150 x 18 mm. test tubes kept in a nearly horizontal position. The layer of collodion was aerated by the flow of about 500 cc. of air produced by the displacement of an equal volume of water. This current of air was blown gently through a glass tube introduced in the test tube during the last 10 minutes of rotation. The collodion membrane was then washed several times with water, removed from the glass, and tested. These collodion bags can be stored in dis-tilled water, in the cold room above freezing temperature for several weeks. The capacity of these bags is about 23 cc., with a surface of semipermeable membrane of 2.6 sq. cm. for each cc. of solution. When a greater volume was needed 175 x 22 ram. test tubes were used with 9 cc. collodion solution. There is an advantage in using smaller test tubes, since the ratio of surface of diffusion to the volume is inversely proportional to the radius, and consequently dialysis may be completed more rapidly.
Rocking Apparatus.--The rocking machine used was constructed after Kunitz and Simms (3). Glass stoppers were adjusted to the collodion bags under slight pressure, and held tightly by rubber bands. Air bubbles in the solution to be dialyzed were avoided in order to reduce the possibility of oxidation. The solution was kept agitated during dialysis by the motion of a glass marble which was chosen for the largest size admitting free movement from one end to the other of the collodion bag. During the rocking, distilled water at the desired temperature was made to flow through the dialyzing glass chamber at the rate of 50 cc. per minute.
Time of Diatysis.--Preliminary determination of the variation observed in
the total dry weight of the solution has shown that the remo{ral of the diffusible portion from the aluminum supernatant fluid was practically complete after 3 hours of dialysis. After 1 hour of dialysis the content of several sacs in use was combined to ensure homogeneity of the samples taken for chemical analysis and inoculation tests. Dialysis of the remaining fluid was then continued in the same or in new membranes and samples were taken again after periods of 2, 3, and 5 hours.
Chemical Methods.--Determination of Total Solids.--Extracts both from desiccates and from tumor pulp were submitted to dialysis. The solids content of the different fractions was determined from the total dry weight of 3 cc. and 6 cc. of the water extract and of samples taken after 1, 2, and 3 hours dialysis. The samples were first evaporated to dryness at 90°C. and the residue maintained at 105°C. for 2 hours. The material was then allowed to cool at room temperature in the presence of CaCI~ and weighed.
Nitrogen Determinations.--These were obtained by the gasometric micro Kjeldahl method of Van Slyke (4), and the reducing substances were determined after acid hydrolysis by the method of Van Slyke and Hawkins (5).
Total Sulfur.--This was determined by the method of Benedict (6) . Digestion of material was performed more often with the oxidizing mixture of Denis (7), and on two occasions according to the technique of Carius. The barium sulfate precipitate was collected either on asbestos fibers or on the Neubauer micro crucible of Pregl (8) .
Total Phosphorus.--In chicken tumor extracts the total phosphorus was estimated as the molybdophosphate by the microgravimetric method of Pregl (8), or at times by the colorimetric method described by Leiboff (9) . The procedure of Van Slyke (4) for micro Kjeldahl digestion was applied to the digestion of the tumor material, except that the sulfuric-phosphoric acid reagent was replaced by a sulfuric-nitric acid mixture. If large amounts of protein were present, oxidation was more easily accomplished by the use of sodium chlorate in place of persulfate. The formation of perchloric acid and the danger of explosion were prevented by dilution of the acid mixture as follows: 1 volume concentrated H2SO4, 2 volumes HNO,, and 3 volumes H20. This acid mixture was used in the proportion of 1 cc. to 0.5 gin. of chlorate. The samples were pipetted into 200 by 25 ram. test tubes of pyrex glass and evaporated to dryness in the water bath. 1 cc. of water was added to each tube prior to digestion. The digestion was conducted until crystallization of the salt began to take place. Then 5 cc. of water were added and the digestion mixture boiled for 5 minutes. In some instances the material was treated by the Carius method.
Inoculation Tests for Activity.--Samples of the solutions at different stages of dialysis were tested for tumor-producing activity by intracutaneous inoculation into normal chickens of 0.2 cc. of each fraction. The original material, inoculated similarly in the sa~e bird, served as simultaneous control. The size of the skin tumors produced was recorded 2 or 3 weeks after injection, according to individual variations in the rate of growth. The percentage of positive inoculations was taken as another index of the tumor-producing power of the extracts. In the tables these two figures have been combined in order to obtain a single index of potency. These figures are not intended to give an accurate measure of the actual content of active principle in the extracts, but so far it seems to be a close estimation of the actual ability of different solutions to induce tumors.
RESULTS

Effect Of Dialysis upon the Total Dry Weight and the Tumor-Producing Activity of Chicken Tumor Extracts
Adsorption to aluminum hydroxide of a large portion of the inactive constituents of the tumor extracts had already been shown. According to the present data, about 74 per cent b y weight of the d r y material had been eliminated in this manner. Furthermore, 73.2 per cent of the aluminum supernatant fluid was found to consist of diffusible products.
Figures given in Table I show t h a t the diffusion was rapid: of the diffusible substances four-fifths escaped during the 1st hour and practically all within 3 hours. This t r e a t m e n t reduced the d r y weight to 0.43 rag. per cc. of dialyzed extract, with upper and lower limits of 0.61 and 0.16 rag. per cc., compared with 1.60 mg. per cc. for the alumin u m supernatant fluid and 6.14 rag. per cc. for the water extract.
As this investigation was carried out mainly to establish suitable methods of purification and to determine the direction of subsequent analysis of tumor extracts, no special care was taken to secure preparations in their purest form. Were these observations to be applied to The following abbreviations are used throughout the tables: E = tumor extract; Sa = supematant fluid after adsorption on aluminum hydroxide; SaD1 = Sa after 1 hour of dialysis; SaD2 = Sa after 2 hours of dialysis, etc.
In calculating the per cent of dry residue left after dialysis the total solids content of the aluminum supernatant fluid (Sa) has been taken as a basis. the purification of extracts on a larger scale much lower figures would be expected. As shown by the average measurements reproduced in Table II , there was a rapid loss of tumor-producing activity during the process of dialysis. In the course of the 1st hour this loss of activity amounted to 46 per cent of the tumor-producing activity of the untreated control Sa. After 3 hours treatment, the.dialyzed extract retained but 20 per cent of activity of the untreated control.
Before any suggestion could be made regarding the chemical constitution of the extracts, the fate of the active principle during dialysis had to be ascertained. Dialysis had but a slight effect on the reaction of the treated solution. Dialyzed extracts were usually more acid but the change rarely went beyond pH 6.4. Progressive inactivation was first thought to be due to an interphase phenomenon as a result of the shaking. Since the first experiments were conducted at room temperature another explanation concerned the effect of heat and shaking. It was also supposed that the removal of electrolytes from the fluid might have played a part in the inactivation. Each of these explanations was tested. According to our experience the possibility of the agent passing through the membrane was the least probable.
Effect of Shaking upon the Tumor-Inducing Activity at Low Tempera-
ture.--The preservation of the activity in extracts over the relatively short period of experimentation appeared to be dependent mainly on the temperature at which the experiment was conducted.
In these experiments the technique devised for dialysis was used, except that glass tubes or glass tubes lined with collodion were substituted for the semipermeable collodion bags. After periods of 2 or 3 hours shaking, the activity of these solutions was compared with that of the untreated extracts.
On standing 3 hours at room temperature (22°C.) the power to induce tumors exhibited by the freshly prepared supernatants was reduced about 50 per cent, whereas on storage for 3 hours at 12-14°C. there was no reduction in tumor-producing activity. Shaking was found to accelerate inactivation slightly.
Increase of Activity by Dialysis at 12°C.--When dialysis was per-
formed at relatively low temperatures for 3 hours, the material retained by the collodion bags exhibited a tumor-producing activity greater than that of undialyzed extracts kept under the same conditions. These results are illustrated in Tables III and V . This increase of potency was especially marked with extracts submitted to dialysis for periods of 1 or 2 hours; the area of the resulting tumor sometimes reached twice the size of those produced by the nondialyzed material. When the treatment was continued over comparatively long periods, from 3 to 5 hours, some inactivation occurred Experiments were conducted substituting Ringer's solution for distilled water as the fluid flowing through the glass chamber containing the collodion bag. In another test, 9 rag. per cc. of crystalline sodium chloride were added to the dialyzed portion prior to injection. In this case no difference could be detected in the tumor-producing activity before and after addition of sodium chloride. On the other hand, the data given in Table IV show that the use of Ringer's solution resulted in an increase of the tumor-producing activity.. fractionated by adsorption and the aluminum supernatant was dialyzed rapidly at 14°C. the tumor activity in the purified product was found to be increased per unit volume of fluid and per unit weight of solid. The total content of solid was reduced from 5.50 mg. per cc. to 0.29 rag. per cc., a reduction of 95 per cent, whereas the tumorproducing activity was increased 33 per cent. It follows that the eventual concentration had 25 times the tumor-producing power of the initial watery extract. These results are given in Table V . The successive steps in the isolation of the chicken tumor agent are illustrated in Text- fig. 1 where the relative tumor-producing power, total nitrogen content and solids of each fraction are compared.
Effect of Adsorption and of Dialysis upon the Chemical Composition of
Chicken Tumor I Extracts Color Reactions and Tumor-Producing A ctivity.--In a previous work it was shown that the usual color tests for protein become negative after treatment with aluminum hydroxide (1). However, any protein left in the aluminum supernatant before dialysis was not affected by the treatment, and the biuret test was still positive. The complex carbohydrate which can be removed as a precipitate with gelatin was retained by the collodion bag as shown by positive naphthoresorcin tests. Substances detected by positive ninhydrin tests and by the diazo reaction which were unaffected by adsorption were rapidly eliminated by dialysis. These substances are highly diffusible and the tests became .negative after the 1st hour of dialysis. At present there is no color test which could be associated with the tumor-producing activity.
Effect of Dialysis on the Total Nitrogen.--Adsorption removed most
of the tumor proteins as determined by color tests and by reduction in nitrogen content. Most of the nitrogen left in the active fraction after adsorption was found to be diffusible. As much as 87 per cent of the nitrogen present in aluminum supernatant prepared from tumor desiccates was discarded by 2 to 3 hours dialysis. Adsorption and dialysis separated 98.6 per cent of the total nitrogen from the fraction carrying the tumor-producing activity. The dialyzed fraction containing the tumor principle had a nitrogen content of 0.01 to 0.05 rag. per cc., or 6.6 to 9.5 per cent of its total solids. The data presented in Table VI are averages of six experiments. Furthermore, over 20 per cent of the last active fraction was represented by a carbohydrate shown to be independent Of the tumorproducing activity. The amount of reducing substances calculated in milligrams of glucose may be used to compute the quantity of carbohydrate present in the active residue, using the formula given by Levene and La Forge for chondroitin-sulfuric acid (10) .
Another 25 per cent of the dialyzed fraction was identified as phospholipids by extracting the dry residue with organic solvents.
Then the a m o u n t of nitrogen corresponding to the computed a m o u n t of carbohydrate and of the phosphatides m a y be subtracted from the The results of the analysis obtained in milligrams per cubic centimeter are also given in per cent of the corresponding total dry weight of each solution. In the last column of each section the relative amount in each fraction has been calculated on the basis of the content of the crude extract taken as 100. ii .7 D r y weight of carbohydrate was computed from 0.080 mg. glucose by multi-100 plying b y g~Ti, where 85.1 is the per cent of glucose in chondroitin-sulfuric acid.
D r y weight of phospholipids represents the dry weight of the acetone and alcohol-ether extracts of dried non-diffusible fraction.
total nitrogen found in the last extract. The results of these calculations are shown in Table VII. Table VII reveals that the unidentified portion carrying practically all the tumor-producing activity of the crude extract had a residual dry weight of 0.23 mg. per cc., of which 11.7 per cent was nitrogen. This percentage of nitrogen of unknown source suggests the presence of a protein as constituent of the purified fraction. The possibility of the protein nature of the t u m o r principle cannot be excluded and must be tested by further investigation. W --total dry solids; N = nitrogen content; A = tumor-producing activity. It will be seen that the total dry weight and nitrogen content were greatly reduced, whereas the tumor-producing activity underwent some increase.
The Concentration of Reducing Substances in Tumor Extracts.-
Water extracts of tumor pulp or of tumor desiccates have been found to contain a carbohydrate which can be hydrolyzed by acid to yield about 0.525 mg. per cc. of reducing substances, calculated as glucose. This carbohydrate was identified as the prosthetic group of a mucoprotein found in abundance in all Chicken T u m o r I preparations.
Usually over 70 per cent of this compound in terms of glucose was eliminated by adsorption to alumina gel. In spite of this adsorption the ratio of reducing substances to the total solids was practically the same in the aluminum supernatant fluid as in the water extract; e.g., 8.8 and 8.2 per cent respectively. Less than half of the reducing substances which were not adsorbed were readily diffusible and this amount diffused during the 1st hour of dialysis. Since greater proportions of other components were separated by dialysis, the ratio of reducing substances to total solids increased in the dialyzed material. After 3 hours dialysis the proportion of reducing substances was 16 per cent in purified extracts prepared from tumor pulp and 21.8 per cent in purified extracts prepared from tumor desiccates. The results are presented in Table VI and show that about 15 per cent of the reducing substances is retained by the dialyzed aluminum supernatant. If these values are calculated in terms of chondroitinsulfuric acid, more than 22 per cent of the non-diffusible fraction is shown to be represented by this inactive product. The activity remains with the other unidentified constituents.
Total Sulfur.--No free sulfate could be detected in Berkefeld filtrates or in pulp extracts of Chicken Tumor I by the usual methods of precipitation. Some sulfate from the alumina gel which was used to adsorb inactive substances was released during adsorption (1). Therefore, determination of the total sulfur in aluminum supernatant fluid could not be accomplished without preliminary treatment with barium. The use of dialysis eliminated the need of preliminary barium precipitation. 1 The extraneous sulfate in aluminum supernatant fluid was separated by diffusion after the 3rd hour, as shown by precipitation tests with barium.
As shown in Table VI , total sulfur in the water extract amounted to about 0.065 mg. per cc., or 1.1 per cent of the total dry solids. The total sulfur in dialyzed fractions amounted to as high as 0.011 mg. per cc., or 2.2 per cent of the dry weight of the purified fraction. Ac-1 Precipitation of inorganic sulfate, induced in active tumor extracts by means of barium salts, had no harmful effect on the tumor-producing activity of the extract provided the precipitation was carried out at a convenient pH. Either barium hydroxide or barium acetate solutions adjusted to pH 7.0 by means of acetic acid were used for this purpose. cordingly, 16.8 per cent of the total sulfur present in the original water extract was retained after adsorption and dialysis. No attempts have been made to determine the amounts of neutral sulfur or ethereal sulfate or to establish what part of the non-diffusible sulfur should be ascribed to the tumor carbohydrate. The sodium nitroprusside reaction for sulfhydryl groups was always negative.
Total Phosphorus.--The results of analysis of the tumor material showed that the total phosphorus content of the water extract was about 0.056 rag. per cc. or 0.87 per cent. Of this amount at least 90 per cent had been removed by adsorption to aluminum hydroxide. A very small portion of the unadsorbed phosphorus diffused during dialysis and probably represented some of the inorganic phosphate present in the water extract which had failed to combine with the gel. After dialysis the non-diffusible phosphorus amounted to 1.24 per cent of the solids of the dialyzed fraction, or 0.005 rag. per cc. of solution. A considerable part, if not all, of this non-diffusible phosphorus belonged probably to phospholipids which were found to account for about 25 per cent of the solids of the dialyzed extract. The averaged results from seven experiments are given in Table VI . The amount of phosphorus detected in the dialyzed fraction was too small to permit of a discussion of its significance. A definite estimation of the r61e played by ph'osphorus compounds in the production of tumors must await analyses of larger quantities of material.
Extraction of Lipoids
Lipoid Extraction of Tumor Desiccates.--3 gin. of finely sifted tumor desiccate, prepared in the usual manner, were extracted 3 times with dry acetone. Each extraction consisted in shaking the powder with 120 cc. dry acetone for 3 hours at room temperature. Mter the last acetone extraction, the acetone-insoluble part of the powder was treated similarly with an alcohol-ether mixture (2 volumes absolute alcohol and 1 volume absolute ether). The acetone and alcohol-ether extracts were evaporated to dryness and the residue was weighed. The tumor material was rid of traces of solvents by evaporation in vacuo in the presence of sulfuric acid. The fat-free powder was extracted with water and inoculation tests were made for tumor-producing activity.
The amount of fat-free tumor powder recovered was 2.581 gm. and the total lipoid amounted to 0.417 gm.; 14 per cent of the desiccated tumor tissue was found to be soluble in fat solvents. Inoculation
tests made before and after t r e a t m e n t of the tumor desiccates showed that the tumor-producing activity was unaffected by acetone and alcohol-ether extraction.
Lipoid Extraction of Tumor Extracts.--The various tumor fractions were distributed in 3 cc. samples in small, tared dishes (pyrex), and evaporated to dryness on the water bath. The residue was a thin, continuous film, adherent to the glass. The drying was completed by heating 2 hours at 105°C. When the extraction was to be followed by inoculation tests for activity the material was dried in the presence of sulfuric acid at a reduced pressure of 10 mm. Hg. A loose web, unfit for quantitative manipulation, forms if the evaporation is per-T A B L E V I I I formed at lower pressures. The dry material was covered by 5 cc. of the solvent and the dishes kept in a dosed jar for 3 hours. Then the solution was decanted and the residue treated with another sample of solvent. The extraction was performed 3 times with dry acetone and 3 times with an alcohol-ether mixture consisting of 2 volumes of absolute alcohol and 1 volume of ether. The acetone and alcohol-ether extracts were analyzed separately or together. The soluble fractions were recovered by evaporation to dryness on a water bath, and the amount extracted determined by weight of the residue.
C o m b i n e d L i p o i d E x t r a c t i o n b y A c e t o n e a n d A l c o h o l -E t h e r M i x t u r e
23.4 per cent of the water extract treated in this m a n n e r was found to be soluble in organic solvents. About one-half of this lipoid fraction was separated by adsorption to aluminum hydroxide gel. Over 50 per cent of the solids in the aluminum supernatant fluid was soluble in organic solvents. Furthermore, it was shown t h a t m o s t of this presumed lipoid was diffusible and consisted mainly of neutral fat and fatty acids. The non-diffusible lipoid portion represented 26.8 per cent of the active, undialyzable residue and possessed the general characteristics of phosphatides: it was a white, partially crystalline material, containing phosphorus to 2.3 per cent.
DISCUSSION
The present study was undertaken on the assumption that the causative agent, extracted in cell-free preparations from the tumor tissues, may be a soluble constituent of the active extracts. If this hypothesis be correct it should be possible to identify the neoplastic principle by adequate biochemical methods. In the present investigation no attempts were made to isolate the tumor principle by direct chemical means, since the use of chemical methods offers great difficulties owing to the complexity of the tumor extract and to our ignorance concerning the chemical properties of the agent itself. The method adopted comprised the identification of the chief constituents of the tumor extract and their removal without impairment of the tumor-producing activity.
The proteins present in the water extract of chicken tumor tissues were found to consist for the most part of mucoproteins, probably a product of the tumor cells. Another constituent of tumor extracts is a carbohydrate which may be a decomposition product of mucoproteins or a direct product of the same cellular activity.
Through successive elimination of various inactive products the tumor principle has been obtained in a state of relative purity. From typical results it was calculated that the portion of the purified extract not yet chemically identified and carrying the entire activity of the original material had a total dry weight of 0.17 rag. per cc., with a nitrogen content of 11.7 per cent. In this instance the methods of adsorption and dialysis brought the amount of inactive constituents separated during the purification to 97 per cent of the original solids. The relatively high nitrogen content of the last active fraction suggests that protein may be a part of the purified material.
15.2 per cent of the reducing substances and 16.6 per cent of the sulfur existing in the water extract are retained in the dialyzed fraction. This parallelism in quantity may indicate that most of the sulfur detected in the water extracts of Chicken Tumor ~ is derived from the tumor carbohydrate. Another important portion, amounting to one-fourth of the active residue, was found to consist of phospholipoids. Further fractionation of the residue and identification of the additional chemical products must be continued in order to determine whether the tumor-producing property may be connected with one of these chemical constituents. Experiments are under way to separate the non-diffusible lipoids from the residual proteins.
At this stage the chemical nature of the tumor agent cannot be discussed. The only test available at present for the detection of the tumor principle is the biological test. In view of the lack of information regarding the amount of specific agent or the number of units necessary for the induction of a positive test, i.e. the initiation of a tumor, it is impossible to say whether chemical determinations on the material now available will prove informative. The lack of information concerning the real nature of the filterable agents causing chicken tumors seems to justify our attempt to apply biochemical methods to their study.
Whatever the outcome of the work, the identification of the inactive chemical constituents of chicken tumor extracts and the use of purified solutions should facilitate the study of the properties of the specific agents.
S U M M A R Y
The fractionation of active chicken tumor extracts has been continued.
1. By a rapid method of dialysis the diffusible fraction of the treated extract, representing about 75 per cent of the solids, has been eliminated without reducing the tumor-producing activity.
2. Combined methods of fractionation have resulted in the elimination of as much as 95 per cent of the total solids of the extract as inactive constituents. Since there was some concomitant enhancement of the activity of the agent the results were equivalent to a 25-fold concentration of it in terms of dry weight.
3. The chemical content of the undiffusible fraction has been determined in terms of total nitrogen, reducing substances, sulfur, phosphorus, and lipoids.
4. The evidence points to a protein and a phospholipoid as the principal constituents of the active residue. Further fractionation is being attempted with a view to connecting the tumor-producing activity with one of its remaining constituents.
